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Atrioventricular canal defectAbstract Methods: This retrospective study included 145 consecutive patients who underwent
complete atrioventricular (CAVSD) repair between January 2002 and January 2012. Peri-operative
data were analyzed. Ninety-two patients had a two-patch technique (group A); 53 patients had a
single-patch technique (group B).
Results: Mean age was 13.17 ± 4.94 months (group A) versus 5.15 ± 1.52 months (group B),
(p< 0.001). Mean weight was 9.87 ± 5.53 versus 5.23 ± 2.12 kg (p< 0.001). Down syndrome
was present in 82 (90.2%) in group A and 48 (90.5%) in group B (p= 0.315). Aortic cross-clamp
times in group A was 135.3 ± 19.6 min and group B 107.7 ± 21.4 min (p< 0.0001). Cardiopulmo-
nary bypass times were shorter in group B (132.2 ± 24.3 min) than group A (159.42 ± 31.4 min)
Table 1 Demographic data.
Variable Group A (n= 92)
Age (months) 13.17 ± 4.94
Sex (female) 50 (54.3%)
Weight (kilograms) 9.87 ± 5.53
Down’s syndrome 82 (90.2%)
Previous PA band 4 (4.3%)
PA: pulmonary artery.
178 S. Deraz, M. Ismailwith p value <0.001. Chylothorax, post operative bleeding, ICU stay and hospital length were not
signiﬁcant. Reoperation for left atrioventricular valve insufﬁciency occurred in 5 patients (5.4%) in
group A, one of them needed valve replacement and 3 patients (5.7%) in group B. Permanent pace-
maker was required for postoperative heart block in 3 patients (3.3%) in group A and 2 patients
(3.8%) in group B (p= 0.623). Hospital mortality was seen in 6 patients (6.5%) in group A and
3 patients (5.7%) in group B (p= 0.606).
Conclusions: Single-patch technique can be performed with the same results like the two patch
technique with a signiﬁcantly shorter aortic cross clamp and bypass time.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Introduction
The ﬁrst successful repair of complete atrioventricular septal
defect (CAVSD) was reported by Lillehei and colleagues in
1955.1 The single-patch technique was described by Maloney
and associates2 in 1962 and was recently reviewed by
Hanley and coauthors.3 In 1976, Trusler4 introduced the
two-patch technique with a prosthetic patch for the ventricular
septal defect, a pericardial patch for the atrial septal defect,
and suture closure of the mitral ‘‘cleft’’. The two-patch
technique was reviewed in 1990.5,6 The objective of this study
was to assess the outcome of complete atrioventricular septal
defect repair comparing single-patch technique to the two-
patch technique.
2. Patients and methods
Between January, 2002 and January, 2012, 145 infants with a
complete atrioventricular septal defect underwent intracardiac
repair, these patients were divided into two groups, group (A)
included patients who underwent the two-patch technique
(n= 92) and group (B) included patients who underwent
single-patch technique (n= 53). These patients were not ran-
domized; rather, each case was managed according to the indi-
vidual surgeon’s preference. The study was approved by the
Institutional Review Board (IRB) of the King Faisal specialist
hospital and research center – Jeddah (KFSHRC-J) as a retro-
spective chart analysis; individual consent for the study was
waived.
The mean age at the time of surgery was signiﬁcantly more in
group A. In these patients the mean age was 13.17
± 4.94 months, while in group B it was 5.15 ± 1.52 months
(p< 0.001). The mean weight of the patients undergoing the
two-patch technique was slightly higher than those having the
single-patch, 9.87 ± 5.53 versus 5.23 ± 2.12 kg (p< 0.001).
Down’s syndrome was present in 82 (90.2%) in group (A) and
48 (90.5%) in group (B), Table 1.Group B (n= 53) P value
5.15 ± 1.52 p< 0.001
28 (52.8%) NS
5.23 ± 2.12 p< 0.001
48 (90.5%) NS
4 (7.5%) NS2.1. Operative technique
All cases were performed with cardiopulmonary bypass,
moderate hypothermia, aortic cross-clamp, and cold blood
cardioplegia. There were no major changes in the perfusion
protocol in this time period. All operations were done through
median sternotomy, with bicaval cannulation. Valve exposure
was obtained through a right atriotomy parallel to the right
atrioventricular (AV) groove, extending from the right atrial
auricle to the level of the entrance of the inferior vena cava.
In those patients with two patch technique cold saline solution
was used to ﬁll the ventricular chambers and ﬂoat the AV valve
tissue into a closed position to establish the line of coaptation
of the common AV valve to identify the proper line of division
into right and left parts of these components. The distance
from the AV valve level to the crest of the interventricular sep-
tum was assessed with care in order to reconstruct the AV
valves at the appropriate height to prevent subaortic stenosis.
The ventricular septal defect (VSD) was closed by sewing in a
semioval Gore-Tex patch onto the right side of the defect with
continuous double armed 5-0 Prolene (Johnson and Johnson).
At the AV level, the superior bridging leaﬂet and the inferior
bridging were included in the running suture line and sewn
to the upper ridge of the VSD patch, ensuring adequate coap-
tation at the meeting point of the superior and inferior leaﬂets
on both the right and the left sides. Closure of the atrial septal
defect (ASD) was performed with a running prolene suture to
ﬁx an autologous pericardial patch, starting at the superior
bridging leaﬂet following the hinge point level of the leaﬂet
and continuing onto the previous suture line at the AV level
of the VSD patch. At this stage, suturing at the left atrioven-
tricular valve (LAVV) circumference at the septal level was
completed and valve ﬁnal testing was performed. LAVV was
assessed for the presence or the absence of dysplasia and thick-
ening of the valvular tissue, analysis of the subvalvular appa-
ratus, presence of two papillary muscles, interpapillary
distance, size of the mural leaﬂet, presence of severe preopera-
tive LAVV regurge. Using horizontal interrupted Prolene su-
tures, the left-sided cleft was completely closed. Valve
competence was repeatedly tested with saline injection through
the valve oriﬁce. If considered indicated, commissuroplasty
was applied. The closure of the ASD was then completed by
further sewing in the pericardial patch. From the commissure
between the right mural leaﬂet and the inferior bridging leaﬂet,
the patch followed the right atrial wall to the bottom of the
coronary sinus in order to avoid the AV nodal area with pres-
ervation of coronary sinus drainage to the right atrium.7 From
this point on, the border of the ASD was followed superiorly
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were closed with a single pericardial patch. The right AV valve
was ﬂoated into a closed position, and, if indicated, the right-
sided coaptation area of the superior and inferior bridging
leaﬂets was closed with interrupted Prolene sutures.
In patients with single patch we used the Rastelli technique8
that included the division of the common anterior leaﬂet, as
well as the division of the common posterior leaﬂet. In all cases
the division was made so as to leave more tissue for the left-
sided, mitral component. A single bovine pericardial patch
was sutured on the right side of the ventricular septum, with
a running prolene suture. The AV valve components (left-sided
or mitral and right-sided or tricuspid) were attached in sand-
wich fashion to the patch with a running prolene suture,
approximating the central anterior and posterior aspects of
the valve components. The suture was reinforced with four
or ﬁve U-stitches of the prolene suture. After testing the mitral
competence by saline distention of the left ventricle and ana-
lyzing the aspect of the mitral valve the cleft was closed com-
pletely using the prolene suture. When closed, care was taken
to suture the opposing borders and not the free edge. The atrial
aspect of the defect was then closed, continuing the pericardial
patch running suture. At the level of the potentially dangerous
zone for the conduction tissue, the sutures were placed super-
ﬁcially and directed toward the left side of the atrium, leaving
in all cases the coronary sinus in the right atrium.
Statistical analysis was performed with SPSS statistical pro-
gram (SPSS 19 Inc., Chicago, IL, USA). The Shapiro–Wilk
normality test was used to assess normal distribution. Contin-
uous variables with normal distribution were reported as the
mean ± the standard error. Continuous data without normal
distribution were reported as the median with ranges. Categor-
ical data were presented as number and/or frequency.Table 2 Associated cardiac anomalies.
Variable Group A (n= 92) Group B (n= 53) P value
Aortic coarctation 3 (3.3%) 2 (3.8%) NS
PDA 25 (27.2%) 11 (20.8%) NS
ASD II 35 (38.1%) 17 (32.1%) NS
Cortriatriatum 1 (1.1%) 0 (0%) NS
TAPVC 0 (0%) 1 (1.9%) NS
Interrupted IVC 1 (1.1%) 0 (0%) NS
Bilateral SVC 1 (1.1%) 2 (3.8%) NS
PDA: patent ductus arterious, ASD II: secondum atrial septal
defect, TAPVC: total anomalous pulmonary venous connection,
IVC: inferior vena cava, SVC: superior vena cava.
Table 3 Perioperative parameters.
Variable Group A (n= 92)
CPB time (minutes) 159.42 ± 31.4
Aortic cross clamp (minutes) 135.3 ± 19.6
Mechanical ventilation (days) 3.24 ± 2.76
Chest tube drainage (days) 5.82 ± 3.42
ICU stay 3.67 ± 2.81
Hospital stay 12.81 ± 6.42
CPB: cardiopulmonary bypass, ICU: intensive care unit.3. Results
Associated cardiac anomalies were secundum atrial septal de-
fect, patent ductus arteriosus, aortic coarctation, cortriatria-
tum, total anomalous pulmonary venous connection;
interrupted inferior vena cava and bilateral superior vena cava
that were all not statistically signiﬁcant, Table 2. Cardiopul-
monary bypass times were shorter in group (B) 132.2 ± 24.3
versus 159.42 ± 31.4 min in group (A) (p< 0.001). Aortic
cross-clamp times in group (A) were 135.3 ± 19.6 min and
group (B) 107.7 ± 21.4 min (p< 0.0001). Mechanical ventila-
tion, chest tube drainage, hospital length of stay and ICU stay
were not signiﬁcant, Table 3.
Eight cases in group A (8.7%) and 4 cases in group B
(7.5%) had postoperative severe left AAV insufﬁciency which
was not statistically signiﬁcant. Three cases in group A (3.3%)
and 2 cases in group B (2.8%) had residual VSD which was not
statistically signiﬁcant. Three of our patients needed ECMO
support among which 2 of them in group (A) had postopera-
tive low cardiac output syndrome that was managed with
extracorporeal membrane oxygenation (ECMO). One of them
was successfully weaned from the ECMO support, while the
other one died. The last one was in group (B) that had difﬁ-
culty in weaning from cardiopulmonary bypass (CPB) machine
and connected to ECMO. This patient was found to have se-
vere left AVV regurgitation that was re-operated with repair.
This patient was weaned from ECMO, Table 4.
Five patients were reoperated for left atrioventricular valve
insufﬁciency (5.4%) in group (A), one of them needed valve
replacement (1.1%) with bileaﬂet mechanical prosthesis (St.
Jude Medical) size 17. Anticoagualtion therapy was achieved
with warfarin, maintaining an international normalized ratio
of 2.5–3.5. Three patients were reoperated (5.7%) in group
(B) and none of them needed valve replacement. Permanent
pacemaker (PPM) was required for postoperative heart block
in 3 patients (3.3%) in group (A) and in 2 patients (3.8%) in
group (B), Table 5.
Respiratory insufﬁciency, Sepsis, Chylothorax and pulmon-
ary hypertensive crisis were not signiﬁcant between the two
groups. Rhythm disturbances were mainly junctional rhythm
recorded in 8 (8.7%) in group (A) and 6 (11.3%) in group
(B) that were not signiﬁcant. Three cases had a complete heart
block (3.3%) in group (A) and 2 cases (3.8%) in group (B) all
of them needed PPM implantation. Hospital mortality was 6
cases (6.5%) in group (A) the ﬁrst one was mentioned before
(the ECMO patient), the second one had chylothorax that
was managed with fat free diet that was not successful then
with octereotide and steroids then total parental nutrition
(TPN) and nothing per oral (NPO). Finally that patient hadGroup B (n= 53) P value
132.2 ± 24.3 p< 0.001
107.7 ± 21.4 p< 0.0001
2.23 ± 1.92 NS
6.12 ± 4.15 NS
3.45 ± 2.64 NS
11.27 ± 7.23 NS
Table 4 Operative complications after repair.
Variable Group A (n= 92) Group B (n= 53) P value
Left AV valve regurgitation 8(8.7%) 4(7.5%) NS
Right AV valve regurgitation 7 (7.6%) 4 (7.5%) NS
Residual VSD 3 (3.3%) 2 (3.8%) NS
LVOT obstruction 3 (3.3%) 2 (3.8%) NS
Bleeding 4 (4.3%) 2 (3.8%) NS
ECMO 2 (2.2%) 1 (1.9%) NS
Open chest 7 (7.6%) 3 (5.7%) NS
AV: atrioventricular, VSD: ventricular septal defect, LVOT: left ventricular outﬂow tract, ECMO: extracorporeal membrane oxygenation.
Table 5 Operative re-intervention.
Variable Group A (n= 92) Group B (n= 53) P value
Left AVV repair 5 (5.4%) 3 (5.7%) NS
Mitral valve replacement 1 (1.1%) 0 (0%) NS
PPM implantation 3 (3.3%) 2 (3.8%) NS
Re-exploration 5 (5.4%) 2 (3.8%) NS
Thoracic duct ligation 1 (1.1%) 0 (0%) NS
AVV: artrioventricular valve, PPM: permanent pacemaker.
Table 6 Post operative complications.
Variable Group A (n= 92) Group B (n= 53) P value
Respiratory insuﬃciency 10 (10.9%) 6 (11.3%) NS
Sepsis 6 (6.5%) 4 (7.5%) NS
Rhythm disturbances 8 (8.7%) 6 (11.3%) NS
Complete heart block 3 (3.3%) 2 (3.8%) NS
Chylothorax 11 (11.9%) 5 (9.4%) NS
Pulmonary hypertensive crisis 4 (4.3%) 2 (3.8%) NS
Hospital mortality 6 (6.5%) 3 (5.7%) NS
180 S. Deraz, M. Ismailthoracic duct ligation but unfortunately he had sepsis and
died. The third patient had pulmonary hypertensive crisis.
The remaining 3 patients had postoperative low cardiac output
syndrome. There were 3 hospital mortalities (5.7%) in group
(B) one of them had pulmonary hypertensive crisis and died
and the other one had postoperative sepsis, Table 6.
4. Discussion
Surgical repair is considered to be the deﬁnitive treatment for
atrioventricular septal defect (AVSD). Early experience
showed that the surgical procedure was complicated by post-
operative left atrioventricular (AV) valve dysfunction, conduc-
tion disturbance, and postoperative pulmonary hypertensive
crisis. Better understanding of the pathoanatomic features of
this disease, careful timing of the surgery, advances in surgical
technique, and improvements in the preoperative and postop-
erative management have reduced the postoperative morbidity
and mortality.9
The choice of a double patch for cleft closure rather than a
single patch is debatable. Both techniques provide good early
and late results and no signiﬁcant differences have been ob-
served in the incidence of mortality, reoperation, or postoper-
ative complete heart block between these two techniques.10,11Some authors prefer to use the double-patch technique for
AVSD closure because it produces less AV valve distortion
and avoids dividing the bridging leaﬂet in a type C defect,
which is always necessary in the single-patch technique. In
the double-patch technique, the pericardial ASD patch com-
pletely eliminates hemolysis that can occur occasionally when
a small jet through the left AV valve strikes the ASD patch.6
Some patients develop a partial or a complete heart block
following AVSD repair. Five of our patients (3 patients in
group A and 2 patients in group B) developed a complete heart
block following the ﬁrst repair and they needed a permanent
pacemaker. Suturing of the patch to the base of the left AV
valve in the area where the bundle of His runs has reduced this
complication.
The single patch technique involves dividing the common
valve leaﬂets and suspending them from a single patch used
to close the atrial and ventricular defects. The use of atrial
and ventricular patches creates less distortion of the valve tis-
sue, thereby allowing more accurate reconstruction of the mi-
tral and tricuspid valves. In particular when common leaﬂets
are divided and then sewn back onto a single patch, 3–4 mm
of leaﬂet tissue is used up.12 This situation is avoided in the
two patch technique and may be important in smaller infants
in whom the scariﬁed valve tissues comprise greater proportion
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pericardium and Gore-Tex decreases the chance of dehiscence.
The single patch technique has been associated with patch
dehiscence and residual VSDs.6
In our series of infants with complete atrioventricular canal
defect operated on at King Faisal Specialist Hospital and re-
search center – Jeddah – Saudi Arabia in the last ten years
the single-patch technique produced results comparable with
the classic two-patch technique. There was no difference in
operative or late mortality, length of hospital or ICU stay be-
tween the studied groups. Also there was no difference in the
operative complications after repair (left AV valve regurgita-
tion, right AV valve regurgitation, residual VSD, left ventricu-
lar outﬂow tract (LVOT) obstruction, bleeding, ECMO, open
chest), in operative re-interventions (left AVV repair, valve
replacement, PPM implantation, thoracic duct ligation), or
post-operative complication (respiratory insufﬁciency, sepsis,
rhythm disturbances, complete heart block, chylothorax, pul-
monary hypertensive crisis) in both groups.
The single-patch technique was able to be performed with
signiﬁcantly shorter cross-clamp and cardiopulmonary bypass
times. We did not subconsciously select the patients with a
smaller VSD component for the single-patch technique.
Our data are supported by the study done Backer et al.,13 in
their series of infants with complete atrioventricular canal de-
fect operated on at Children’s Memorial Hospital the modiﬁed
single-patch technique produced results comparable with the
classic two-patch technique. There was no difference in opera-
tive or late mortality and morbidity. The modiﬁed single-patch
technique was performed with signiﬁcantly shorter cross-
clamp and cardiopulmonary bypass times in younger patients.
Careful review of published series of repairs using the one-
or two-patch technique fails to deﬁnitively document that one
technique is preferable to the other. Recently Wilcox14 and
Nicholson15 and their colleagues have described good out-
comes in small series in which the common atrioventricular
valve was attached directly to the crest of the ventricular sep-
tum as was described originally by Lillehei and associates.1 It is
clear from contemporary series that excellent results may be
obtained using any of these techniques. Perhaps more impor-
tant than the technique itself is the surgeon’s experience with
a particular technique and the ability to adapt it to varying
anatomy and circumstances.16
In this study 5.4% of patients in group (A) and 5.7% of pa-
tients in group (B) were re-operated for left AVV repair, only 1
patient in group (A) and no patients in group (B) required
valve replacement. These data are almost comparable to data
obtained by Bakhtiary et al.17 In their series left AVV regurgi-
tation remained a concern during long-term follow-up. Reo-
perations for AV valve regurgitation were required in 6% of
their patients.
In the current literature, the incidence of a signiﬁcant
LVOT obstruction after AVSD repairs requiring reoperations
is 3.3–3.8% in groups A and B, respectively. Previously re-
ported risk factors for postoperative LVOT obstruction in-
clude accessory valve tissue and abnormal structures such as
secondary chordae associated with some degree of membra-
nous or muscular sub aortic obstruction, or both, or ﬁxed sec-
ondary chordae in the LVOT.16
In this retrospective study, the outcome of primary correc-
tion of AVSD in 145 patients who were operated on over a
period of 10 years was analyzed. In-hospital mortality for thetotal study population was 6.5% in group (A) and 5.7% in
group (B). This mortality is lower than the rates of 16% and
14.9% that have been reported by Studer and colleagues18
and Boening and associates,19 respectively, and is also lower
than the rates between 5.7% and 10% reported by others.10–12
However, the surgical mortality of AVSD repair has de-
creased signiﬁcantly over the last 20 years from 50% in early
reports to a range of 3% to 6% recently, due to improvements
in surgical techniques, myocardial preservation, and improve-
ments in postoperative management.13–15
5. Conclusion
The single-patch technique produced results comparable with
the two-patch technique. Furthermore, the single-patch tech-
nique was performed with signiﬁcantly shorter cross clamp
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